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them, however, screening of completely
reconstituted ubiquitylation cascades
may be necessary, as simple E1-E2 thio-
ester assays would not have identified
the CDC34 inhibitor found here. The iden-
tification of CC0651 is an exciting finding
that sets the stage for the discovery of
new E2 inhibitors, but only further work
will reveal whether blocking ubiquitylation
in the middle of the pathway will be better
than blocking it at either end.
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The reports by Bonaguidi et al. (in this issue of Cell) and Encinas et al. (in Cell Stem Cell) come to
differing conclusions about whether and how the proliferation of radial glia-like stem cells of the
adult hippocampus impacts their long-term potential for neurogenesis.Adult neurogenesis had remained a foot-
note in neurobiology until the discovery
of neural stem cells in the 1990s, which
offered an explanation of where new
neurons of the adult hippocampus and
olfactory bulb might originate from. It
was later discovered that the stem cells
of the adult neurogenic regions have as-
trocytic properties and a morphology like
radial glia. In the dentate gyrus of the
hippocampus, these cells have a promi-
nent process that branches out into the
molecular layer. The question then arose
of whether and how cells with such elabo-
rate radial morphology would be capable
of self-renewal—not only by asymmetric
division (in which one morphologically
distinct daughter cell would be gener-ated), but also by symmetric division
(which would produce not one but two
new radial cells). Linked to this question
is the important problem of how the type
and rate of self-renewal would affect the
population of stem cells over time. Now,
two reports (in Cell [Bonaguidi et al.,
2011] and Cell Stem Cell [Encinas et al.,
2011]) come to substantially differing
conclusions about the ability of radial
glia-like stem cells in the hippocampus
to self-renew and thus their capacity for
maintaining neurogenic potential through-
out life (Figure 1).
In a meticulous study based on various
transgenic reporter models in mice, Enci-
nas and colleagues show that the radial-
glia like type-1 cells (quiescent neuralprogenitors [QNP] in their nomenclature;
Mignone et al., 2004) divide asymmetri-
cally to give rise to intermediate progenitor
cells (amplifying neural progenitors [ANP],
or type 2 in our nomenclature; Kemper-
mann et al., 2004). The authors never
observed symmetric division, and over
time, the QNP cells disappear from the
subgranular zone of the dentate gyrus by
differentiating into astrocytes, thereby
drying out the source for more new
neurons (Encinas et al., 2011). In the study
byBonaguidi and colleagues, published in
this issue, the authors use transgenicmice
to induce sparse labeling of precursor
cells (including the amazingly sophisti-
cated two-color MADM reporter; Zong
et al., 2005) to address a similar question5, June 24, 2011 ª2011 Elsevier Inc. 1009
Figure 1. Two Views of Adult Neurogenesis
In principle, radial glia-like ‘‘stem’’ cells of the hippocampus might divide symmetrically or asymmetrically,
which would have different consequences on the number of new neurons generated and for the main-
tenance of self-renewing stem cells, from which adult neurogenesis might originate at later times. Data by
Bonaguidi et al. (2011) suggest that the stem cells of the hippocampus have a range of options in terms of
self-renewal versus differentiation, whereas Encinas et al. (2011), examining precursor cells at the pop-
ulation level, do not find evidence for such flexibility. They instead propose that stem cells terminally
differentiate into astrocytes.at the level of individual clones originating
from the radial glia-like stem cells (RGL
cells in their terminology). They apply
a clever computational approach to
ascertain that a clone is, in fact, a clone
and find all combinations of clonal
compositions, including quiescent RGLs
that are maintained at late time points (1
year) after undergoing symmetric division.
Thus, Encinas and colleagues present
the notion that, in a predictable and deter-
ministic way, stem cell proliferation
consumes the population of stem cells,
which are slowly but steadily ‘‘disposed’’
by being converted into neurons and
astrocytes. In contrast, Bonaguidi et al.
describe a relationship between self-
renewal and multilineage differentiation
that is more fluid and that permits the
long-term maintenance of the stem cells.
In the former view, type-1 cells are inca-
pable of symmetric self-renewal, whereas
the latter suggests this as possible.
If stem cells and their potential to
generate new neurons are beneficial,1010 Cell 145, June 24, 2011 ª2011 Elsevierand most readers will probably tend to
believe so, the optimistic ‘‘maintenance’’
hypothesis may attract more sympathy
than the more pessimistic ‘‘disposal’’
idea, but wishful thinking should not be
our guide. What might explain the differ-
ence? Is it possible for both theories to
be true at the same time?
First, there are potential caveats asso-
ciated with the various tools (among
which are both constitutive and inducible
genetic reporters) regarding their sensi-
tivity and specificity, which cannot be
easily judged. Also, reporter constructs
are genetic manipulations that might
have unwanted repercussions in the cells
and might show inexplicable preferences
for subpopulations. The biology of
reporter animals (which in the end carry
a rather substantial mutation) is largely
unexplored.
Second is the problem of scale. The
results at the cellular or clonal scale
apparently do not agree with results ob-
tained with cell populations. This is alsoInc.a methodological issue but more so
a conceptual one. Similar problems are
increasingly appearing throughout
biology, when, for example, knockout
mice have a different phenotype than pre-
dicted. This issue, however, does not
resolve the qualitative discrepancy
between the presence or absence of
visible symmetric divisions of RGL/QNP
cells in the two studies but could affect
the more quantitative findings about the
dynamics in the cohorts or populations
of cells.
Finally, thequestionarisingwith themore
rigid model proposed by Encinas et al.
is whether it will prevail under condi-
tions in which the animals are using their
hippocampus in ethologically relevant
ways. A few reports have suggested that
the potential for neurogenesis can be
maintained at a level corresponding to
a much younger age (providing what I
have termed a ‘‘neurogenic reserve’’
[Kempermann, 2008]). Encinas et al. state
in their discussion that such effects would
take place at the level of type-2 (ANP)
progenitor cells and thus would be irrele-
vant here. Yet, very little is known about
the regulation of the proliferation of type-1
cells. There are some initial studies indi-
cating that the radial glia-like type-1 cells
can be activated by seizure activity
(Kunze et al., 2006; Steiner et al., 2008).
How the radial glia-like population
responds to long-term physiological
stimuli has not yet been explored. And
whether or not the glia-like intermediate
precursor cells (type 2a), which still
express several markers of radial glia
(Steiner et al., 2006), can contribute to the
population of cells with radial glial
morphology has also not yet been fully
resolved (Suh et al., 2007). Bonaguidi
et al. do not answer this question either,
but their results indicate that individual
type-1 cells might have a range of
options. At the cellular level, the system
might be very dynamic or at least more
dynamic than is apparent at the popula-
tion level in the absence of regulation.
Bonaguidi et al. do touch on one poten-
tial underlying genetic mechanism that
could control stem cell maintenance. In
the tumor suppressor Pten, a phospha-
tase that inhibits proliferation, they
present a plausible candidate gene for
regulating the choice between these
options. Pten is a known ‘‘stem cell’’
gene that functions in the context of adult
neurogenesis. Bonaguidi et al. show that
conditional deletion of Pten in the stem
cells leads to stem cell exhaustion after
an initial boost in proliferation (although
they only study relatively young mice).
But Pten would not act alone in regu-
lating this process, and in the alternate
scenario, the ‘‘disposal’’ of neural stem
cells in adult neurogenesis would be
a complex trait that is controlled by
a network of regulators that are subject
to behavioral modulation. If both Encinas
et al. and Bonaguidi et al. are correct,
neural stem cell fate will depend on such
modulations. Could it be that, in the
absence of appropriate stimuli, the stem
cells are indeed predestined for disposal
but that this fate can be overcome by un-leashing the potential that exists in
individual precursor cells? This is a test-
able hypothesis. How plastic is adult
neurogenesis?REFERENCES
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